Fluoroquinolone use in poultry production may select for resistant Escherichia coli that can be transmitted to humans. To define the prevalence and virulence potential of poultry-associated, quinolone-resistant E. coli in the United States, 169 retail chicken products from the Minneapolis-St. Paul area (1999 to 2000) were screened for nalidixic acid (Nal)-resistant E. coli. Sixty-two (37%) products yielded Nal-resistant E. coli. From 55 products that yielded both Nal-resistant and susceptible E. coli, two isolates (one resistant, one susceptible) per sample were further characterized. Twenty-three (21%) of the 110 E. coli isolates (13 resistant, 10 susceptible) satisfied criteria for extraintestinal pathogenic E. coli (ExPEC), i.e., exhibited >2 of pap (P fimbriae), sfa/foc (S/F1C fimbriae), afa/dra (Dr binding adhesins), iutA (aerobactin receptor), and kpsMT II (group 2 capsule synthesis). Compared with other isolates, ExPEC isolates more often derived from virulence-associated E. coli phylogenetic groups B2 or D (74% versus 32%; P < 0.001) and exhibited more ExPEC-associated virulence markers (median, 10.0 versus 4.0; P < 0.001). In contrast, the Nal-resistant and -susceptible populations were indistinguishable according to all characteristics analyzed, including pulsed-field gel electrophoresis profiles. These findings indicate that Nal-resistant E. coli is prevalent in retail poultry products and that a substantial minority of such strains represent potential human pathogens. The similarity of the Nal-resistant and -susceptible populations suggests that they derive from the same source population, presumably the avian fecal flora, with Nal resistance emerging by spontaneous mutation as a result of fluoroquinolone exposure.
The use of fluoroquinolone (FQ) agents in food animal production is suspected of selecting for FQ-resistant gramnegative bacteria, such as Salmonella enterica, Campylobacter jejuni, and Escherichia coli, that can be transmitted to humans via the food supply (7, 14, 15, 41) . The epidemiological link between poultry consumption and human disease due to FQresistant C. jejuni, combined with the high prevalence of FQresistant C. jejuni in retail poultry products, has prompted the U.S. Food and Drug Administration to propose the withdrawal of FQs from use in poultry (8, 41) . In contrast, evidence implicating the food supply, and specifically poultry products, as a source for FQ-resistant E. coli in humans is scant (14, 43) . However, the burden of human disease due to E. coli is considerably greater than that due to Campylobacter (36) . In addition, FQ resistance among clinical E. coli isolates, which has already reached alarming levels in many locales (5, 13, 14, 42) , undermines current treatment algorithms for urinary tract infection. These presume that FQs can be relied on as a fallback option when resistance contraindicates the use of traditional agents, such as trimethoprim-sulfamethoxazole (44) . Thus, clarification of the origins of FQ resistance in E. coli is urgently needed.
Retail poultry products are routinely heavily contaminated with avian fecal E. coli (40, 43) . Such E. coli, which can be antibiotic resistant (including to FQs) (14) , widely contaminates kitchen surfaces during meal preparation, is not readily removed from these surfaces by standard cleaning procedures, and can subsequently be isolated from the feces of persons preparing the meals (10, 30) . Thus, the possibility of foodborne transmission of FQ-resistant E. coli from poultry to humans is highly plausible.
Unknowns include the prevalence of FQ-resistant E. coli in retail poultry products in the United States (3, 45) and the intrinsic virulence potential of such organisms for humans. The latter point is critical to the likelihood that such strains' resistance could complicate human infections. Plasmid-or transposon-associated drug resistance elements are a potential threat even if present in a low-virulence host strain, since they can be readily transmitted to a more virulent pathogen (12, 39) , In contrast, FQ resistance is usually due to point mutations within the quinolone resistance determining regions of gyrA and/or parC, which are fixed on the bacterial chromosome (17, 38) . Thus, to pose a significant infectious threat to noncompromised hosts, FQ-resistant E. coli bacteria presumably must themselves possess the diverse virulence factors (VFs), including adhesins, siderophores, capsules, toxins, etc., that characterize the distinctive extraintestinal pathogenic E. coli (ExPEC) strains that cause most episodes of urinary tract infection, sepsis, and neonatal meningitis due to E. coli (23, 37) . Likewise, they presumably must derive, as do most human ExPEC isolates, from extraintestinal virulence-associated E. coli phylogenetic groups B2 and D, as defined by multilocus enzyme electrophoresis and sequence typing (16, 28) , rather than from commensal and diarrheagenic E. coli-associated phylogenetic groups A and B1 (23, 33) .
To address these unknowns, we surveyed retail chicken products purchased throughout the Minneapolis-St. Paul metropolitan area for quinolone-resistant E. coli. We used Nal resistance, which can result from a single point mutation within gyrA and is a precursor to full FQ resistance (38) , as a marker for incipient FQ resistance. We then extensively characterized selected Nal-resistant and Nal-susceptible isolates with respect to virulence markers, phylogenetic origin, pulsed-field gel electrophoresis (PFGE) profiles, and O antigens.
MATERIALS AND METHODS
Isolation of Nal-resistant E. coli. From 18 April through 29 November 2000, approximately every 2 weeks, the Minnesota Department of Agriculture purchased 10 chicken products (cut-up parts) from diverse arbitrarily selected retail grocery stores in the Minneapolis-St. Paul, Minnesota, metropolitan area. Samples representing a total of 14 different brand names were purchased from 24 different stores located in 17 cities. Chicken samples were transferred aseptically to prelabeled zip-closure bags. To each bag was added 100 ml of buffered peptone water, and the bag was manually massaged for approximately 3 min. One milliliter of this chicken rinse was then used to inoculate lauryl sulfatetryptose broth. After overnight incubation at 42°C, the broth was inoculated onto four MacConkey agar plates, one each containing no antibiotics, Nal at 8 g/ml, and ciprofloxacin at 2 and 4 g/ml. After overnight incubation at 42°C, these primary plates were inspected for colonies of presumptive E. coli, i.e., that were lactose-positive, flat, and nonmucoid. From each plate that exhibited such growth, three representatives of each E. coli-like colonial variant were subcultured to a blood agar plate, triple sugar iron agar slant, motility-indole-lysine agar tube, citrate agar slant, and Voges-Proskauer/methyl red tube (29) . Colonies that exhibited reactions consistent with E. coli were defined as E. coli (29) , whereas the rare isolates that exhibited questionable reactions were identified by using the API-20E system (bio-Merieux).
All selected colonies were screened for Nal resistance by placing a Nalimpregnated paper disk (30 g of Nal; BBL) on a blood agar plate that had been streaked for confluence with a colony from the initial blood agar plate, followed by overnight incubation at 42°C. Confirmed E. coli isolates that exhibited a large zone of inhibition (Ն20 mm) around the Nal disk were presumptively defined as Nal susceptible. All 23 of the presumed-susceptible isolates that underwent confirmatory testing were susceptible according to standardized susceptibility testing, which was done using Etest strips (AB Biodisk) according to NCCLSdefined methods and interpretive criteria (32) , with E. coli strain ATCC 25922 used as a control. Isolates that exhibited a Ͻ20-mm zone or no zone of inhibition also underwent standardized susceptibility testing with Nal and ciprofloxacin Etest strips. From the 55 poultry samples that yielded both Nal-resistant and Nal-susceptible E. coli, one colony each of Nal-S and Nal-R E. coli per sample was arbitrarily selected for further analysis.
Phylogenetic analysis and virulence genotyping. Isolates were assigned to one of the four main phylogenetic groups of E. coli (A, B1, B2, and D), as originally defined according to multilocus enzyme electrophoresis (16) , by using the multiplex PCR-based method of Clermont et al. (9) . For virulence typing, all isolates initially were screened for five virulence markers, i.e., papA and papC (which were analyzed collectively), sfa/foc, afa/dra, iutA, and kpsMT II, to permit their classification as ExPEC or non-ExPEC. These five virulence markers were identified as independently predictive of ExPEC status by statistical analyses of virulence typing results from three strain collections, within which ExPEC status could be inferred based on epidemiological source, e.g., symptomatic urinary tract infection versus fecal, or on observed extraintestinal virulence in animal challenge experiments (not shown) ( 70, 1999) . Since optimal discrimination between ExPEC and non-ExPEC isolates within these three collections was provided by a criterion of the presence of Ն2 of the five markers, this was used as the operational definition of ExPEC among the poultry-source isolates. All ExPEC isolates and a randomly selected control group of non-ExPEC isolates were then tested for 35 virulence markers of ExPEC and, if positive for any pap element, for the 13 papA alleles, using established PCR and dot blot-based assays, as described elsewhere (24, 27) . All testing was done in duplicate using independently prepared boiled lysates of each isolate, with appropriate positive and negative controls included within each run.
An aggregate ExPEC marker score was calculated as the number of the five cardinal ExPEC markers for which an isolate tested positive. For isolates that underwent extended virulence genotyping, an aggregate virulence score was calculated as the sum of all virulence markers for which the isolates tested positive, with adjustment for multiple detection of the pap, sfa, and kps operons. Cluster analysis of VF data was done using the unweighted pair group method with averaging (UPGMA), as previously described (20) .
Serotyping. O antigens were determined by the Gastroenteric Disease Research Center (University Park, Penn.) using 180 specific O antisera, according to standard methods.
PFGE. Selected isolates were subjected to PFGE using XbaI-restricted total DNA according to a protocol developed by the Centers for Diseases Control and Prevention (4) . Reference E. coli O157:H7 strain G5244, provided by the Minnesota Department of Health laboratory, was included in each gel as a positive control and size standard to facilitate cross-gel comparisons. Profiles were captured and analyzed digitally, with operator input. Dendrograms were constructed according to UPGMA with the use of band-based Dice similarity coefficients, within the application Molecular Analyst-DNA Fingerprinting (Bio-Rad).
RAPD analysis. Isolates that sheared during PFGE analysis, plus selected other isolates and their derivatives from Nal-supplemented or nonsupplemented agar plates, were compared according to random amplified polymorphic DNA (RAPD) profiles. These were generated by using (separately) arbitrary decamer primers 1254, 1281, and/or 1283, with boiled lysates used as template DNA, followed by agarose gel electrophoresis and visual inspection, as previously described (2) .
Statistical methods. Comparisons of proportions were analyzed using Fisher's exact test or McNemar's test for unpaired and paired comparisons, respectively (both two-tailed). Comparisons of ExPEC scores and aggregate virulence scores were analyzed using the Mann-Whitney U test. The threshold for statistical significance was a P value of Ͻ0.05.
RESULTS
Isolation of Nal-resistant and -susceptible E. coli. Of the 169 chicken samples cultured, 150 (89%) yielded E. coli on nonselective media. Nal-resistant E. coli was recovered from 62 (41%), and Nal-susceptible E. coli was recovered from 143 (95%), of the 150 E. coli-positive samples, i.e., from 37% and 85%, respectively, of all 169 samples. Fifty-five samples yielded both susceptible and resistant E. coli, seven yielded only Nalresistant isolates, and 88 yielded only susceptible isolates. One (1.6%) of the 62 products with Nal-resistant E. coli yielded an E. coli isolate that was also resistant to ciprofloxacin, with an MIC of 8 g/ml (resistant, Ն4 g/ml). From the 55 items that yielded both Nal-resistant and Nal-susceptible E. coli, one Nalresistant isolate and one Nal-susceptible isolate per sample were analyzed further.
Nal MICs. The distribution of Nal MICs observed among the 55 Nal-resistant isolates was as follows: Ն256 g/ml (42 isolates), 128 g/ml (1 isolate), 96 g/ml (3 isolates), 64 g/ml (6 isolates), 48 g/ml (2 isolates), and 32 g/ml (1 isolate). The 23 Nal-susceptible isolates that underwent MIC testing exhibited Nal MICs of 1.0 (6 isolates), 1.5 (11 isolates), or 2.0 (6 isolates).
Distribution of ExPEC markers in relation to
Nal phenotype. The 55 Nal-resistant and 55 Nal-susceptible chicken source E. coli isolates first were screened by PCR for five ExPEC-defining virulence markers, which were detected, in order of descending frequency, as follows: iutA (57%), papA and/or papC (14%), kpsMT II (13%), sfa/foc (1%), and afa/dra (none) ( Table 1) . Twenty-three (21%) of the isolates exhibited two (n ϭ 18) or three (n ϭ 5) of the markers, so they were defined as ExPEC. These 23 ExPEC isolates represented 21 (38%) of the poultry products from which E. coli isolates were screened for ExPEC status. (Two products yielded two ExPEC isolates each, whereas 19 yielded a single ExPEC isolate.) The remaining 87 (79%) screened isolates contained one (n ϭ 42) or none (n ϭ 45) of the ExPEC markers, so they were defined as non-ExPEC. Nal-resistant and Nal-susceptible isolates were similar with respect to the prevalence of each of the five ExPEC markers (Table 1) , the proportion qualifying as ExPEC (Table 1) , and aggregate ExPEC marker score (median score, 1.0 in both groups; P Ͼ 0.10).
Phylogenetic background. According to PCR-based phylotyping, E. coli phylogenetic groups A, B1, and D each accounted for 25 to 32% of the isolates overall, whereas group B2 accounted for 14% of isolates. The Nal-susceptible and -resistant isolates were similar with respect to the relative prevalences of the four phylogenetic groups (Table  1) .
Phylogenetic distribution of ExPEC markers. In contrast to their indifferent associations with Nal phenotype, the ExPEC markers exhibited a striking phylogenetic distribution (Table 2) . papC was associated negatively with phylogenetic group B1, iutA was associated negatively with groups A and B1 and positively with group D, and kpsMT II was associated negatively with groups A and B1 and positively with groups B2 and D (Table 2) . Overall, ExPEC status was negatively associated with group B1 and positively associated with group D (Table 2 ). The prevalence of ExPEC status was highest within group B2 and declined progressively through groups D and A to group B1. However, because of its greater prevalence overall, group D contributed slightly more ExPEC isolates than did group B2 (Table 2) . ExPEC isolates were significantly more likely to derive from phylogenetic groups B2 or D (17 of 23, 74%) than were non-ExPEC isolates (28 of 87, 32%; P Ͻ 0.001). The sole ciprofloxacin-resistant isolate was a nonExPEC isolate from group A (not shown).
Extended virulence genotypes. The 23 ExPEC isolates and 29 randomly selected non-ExPEC isolates (stratified to give 15 and 14 each with an ExPEC score of 0 and 1, respectively) were next tested for the presence of 29 additional ExPEC-associated virulence markers and, among isolates positive for any pap element, the 13 papA alleles. Twenty-five of the 35 virulence markers sought (Table 3 ) and the F11 papA allele (three isolates) were detected in at least one isolate each. Markers not detected among the 52 isolates included papG alleles I and III, focG (F1C fimbriae), afa/dra (Dr binding adhesins), hlyD (hemolysin), cnf1 (cytotoxic necrotizing factor), cdtB (cytolethal distending toxin), the K2 kpsMT variant, and rfc (O4 lipopolysaccharide synthesis).
Compared with the 29 non-ExPEC control isolates, the 23 ExPEC isolates exhibited a significantly higher prevalence of numerous virulence markers other than those included in the definition of ExPEC (Table 3 ) and had significantly higher aggregate virulence scores (median scores, 10.0 versus 4.0; P Ͻ 0.001). In contrast, virulence genotypes did not differ according to Nal phenotype. The Nal-resistant (n ϭ 28) and -susceptible (n ϭ 24) isolates were similar with respect to the prevalence of all of the virulence markers analyzed (Table 3) and to aggregate virulence score (median scores, 6.75 versus 6.0; P Ͼ 0.10). Similar findings were observed when these comparisons between Nal phenotypes were limited to the 23 ExPEC isolates, both for individual virulence markers (not shown) and for aggregate virulence scores (median scores, 10.0, Nal-resistant, versus 9.5, Nalsusceptible; P Ͼ 0.10).
As observed for the five defining ExPEC markers, many of the additional virulence markers included in the extended virulence genotyping assay exhibited a significant phylogenetic distribution, whether this was analyzed among the 23 ExPEC and 29 non-ExPEC isolates combined or among the 23 ExPEC isolates alone (Table 4) . Aggregate virulence scores also varied significantly according to phylogenetic group, both among the combined 52 (ExPEC and non-ExPEC) isolates and among just the 23 ExPEC isolates. In the combined ExPEC and Cluster analysis of VF profiles. The extended virulence genotype data for these 52 isolates were subjected to cluster analysis according to UPGMA, stratified by phylogenetic group. Within the resulting four dendrograms, which collectively comprised 36 unique phylo-pathotypes, the Nal-susceptible and -resistant isolates were considerably intermixed. Overall, isolates were significantly more likely to have as their nearest neighbor in these trees an isolate of the alternate Nal phenotype (n ϭ 11) or a mixed cluster containing both Nal phenotypes (n ϭ 24) than an isolate of the same Nal phenotype (n ϭ 17; P ϭ 0.018, McNemar's test). In contrast, all but two isolates had as their nearest neighbor an isolate, or a homogenous cluster of isolates, of the same ExPEC status (for having a similar ExPEC-status isolate or cluster as a nearest neighbor, versus a dissimilar isolate or cluster; P Ͻ 0.001, McNemar's test).
O antigens. O antigens were assessed for 22 of the 23 ExPEC isolates (12 Nal-resistant, 10 Nal-susceptible) and for 10 non-ExPEC isolates. (The latter were selected from among the non-ExPEC isolates that underwent extended virulence genotyping so as to include five with no ExPEC markers and five with a single ExPEC marker, and five each of Nal-resistant and Nal-susceptible isolates.) Overall, 16 unique O antigens were detected among the 35 isolates. These included, in descending order of prevalence (number of isolates), O78 (six), O120 and O7 (three each), O25 (two), and O1, O2, O6, O8, O18, O23, O29, O33, O46, O53, O73, and O77 (one each). Six isolates were O nontypeable. No differences in O antigen distribution were evident between the Nal-susceptible and -resistant isolates, and two of the four multiply encountered serogroups (i.e., O7 and O78) each were represented by both susceptible and resistant isolates. In contrast, compared with the non-ExPEC isolates, the ExPEC isolates were more likely to be O typeable (20 of 22, versus 6 of 10; P ϭ 0.06) and to exhibit the O7, O78, or O120 antigen (27, 14 , and 14%, respectively, ExPEC, versus 0%, non-ExPEC; P ϭ 0.004). PFGE and RAPD analysis. The 52 isolates that underwent extended virulence genotyping also were subjected to PFGE analysis. Forty-four isolates yielded interpretable PFGE profiles with XbaI, which were compared by creating an UPGMAbased similarity dendrogram for each phylogenetic group. In these dendrograms the Nal-susceptible and -resistant isolates were considerably intermixed (not shown). Overall, isolates were more likely to have as their nearest neighbor in the PFGE-based dendrogram an isolate of the alternate Nal phenotype (n ϭ 12) or a mixed cluster containing representatives of both Nal phenotypes (n ϭ 13) than an isolate of the same Nal phenotype (n ϭ 19). Six of the isolates (three resistant, three susceptible), all O78 and ExPEC-positive, yielded indistinguishable PFGE profiles (e.g., Fig. 1 ). These six isolates derived from diverse poultry items representing the same brand name but processed on six different dates, from 12 August through 3 December, in two different plants, and purchased at five different stores during five separate weeks.
The eight isolates (five resistant, three susceptible) that consistently sheared during PFGE with XbaI were subjected to RAPD analysis using the primer 1254. This revealed five unique RAPD profiles. Four profiles were specific to a single isolate each (not shown), whereas one was shared among three isolates (two resistant, one susceptible) from phylogenetic group D (Fig. 2) .
Spontaneous in vitro mutation to Nal resistance. To assess the degree to which in vitro mutation to Nal resistance during sample processing might have contributed to the Nal-resistant population studied, 59 Nal-susceptible isolates (i.e., the 55 from samples yielding both Nal-resistant and -susceptible isolates, plus four more from samples yielding only susceptible isolates) were analyzed. Susceptible isolates, picked as single colonies from primary nonselective plates, were amplified overnight in nonselective broth and then plated (10 l) to MacConkey's agar with and without Nal supplementation (8 g/ml). Whereas on the nonsupplemented plates all samples yielded confluent growth, on the Nal-MacConkey plates only nine samples (15%) yielded colonies that corresponded with the parent according to RAPD analysis (data not shown). Standardized susceptibility testing by Etest showed that eight of the nine isolates from Nal-MacConkey plates were resistant, whereas one was intermediately susceptible, to Nal. Thus, the estimated overall frequency of putative in vitro mutation to Nal resistance was 8 of 59, or 14%.
DISCUSSION
Our findings support three main conclusions. First, nearly 40% of retail chicken products contain Nal-resistant E. coli. Second, although most poultry-derived Nal-resistant E. coli strains are nonpathogens by molecular epidemiological criteria, a substantial minority (24%) represent ExPEC and derive from virulence-associated E. coli phylogenetic groups B2 and D (42%) and hence are of potential health significance to humans. Third, among these poultry-derived strains, Nal resistance is independent of virulence genotype and phylogenetic background, consistent with nonspecific selection for Nal-resistant mutants within the avian fecal flora by exposure to FQs in the production environment.
According to current understandings of the genetics of quinolone and FQ resistance in E. coli, the Nal-resistant isolates detected here would be expected to become FQ resistant if they were to acquire one or two additional mutations in gyrA and/or parC (17, 38) . These additional mutational steps conceivably could occur either on the farm or after acquisition of the strains by humans. In either scenario, these isolates clearly represent a high-risk population for progression to full FQ resistance if exposed to further selection pressure. That 37% of retail chicken products contained Nal-resistant E. coli indicates that these products are a plausible vehicle for transmission of such high-risk strains to humans, particularly in view of the ease with which E. coli strains from chicken carcasses can contaminate kitchen surfaces (10) and appear in the feces of meal preparers (30) . We found that 21% of the E. coli isolates that were screened for virulence markers qualified as ExPEC and that 38% of the corresponding chicken products contained at least one ExPEC isolate. If the same rate of positivity were assumed also for the products that yielded only Nal-susceptible or Nal-resistant E. coli, the overall estimated prevalence of ExPEC among all 165 products sampled would be 34%. Of note, this represents only a minimum estimate, since only two colonies were examined for ExPEC status per chicken product, whereas multiple strains are typically present in individual retail chicken products (J. R. Johnson, P. Delavari, and S. R. Tatini, Abstr. 100th Gen. Meet. Am. Soc. Microbiol., abstr. P-42, p. 521, 2000.).
Many characteristics of the ExPEC strains recovered from the chicken samples, including virulence profiles, phylogenetic background, and O antigens, resemble those of clinical isolates from humans with diverse extraintestinal infections (19, 22, 24, 26, 31 ). This suggests that these chicken-derived strains may be pathogenic for humans. There is ample precedent for cross-species pathogenicity of E. coli. In experimental models of extraintestinal infection. such as urinary tract infection, pneumonia, neonatal meningitis, and systemic sepsis, human-source E. coli isolates routinely cause significant and sometimes fatal disease in diverse animal hosts (18, (33) (34) (35) . Likewise, identity at the level of phylogenetic group and extended virulence profiles has been extensively documented among human and canine-source clinical ExPEC isolates (21, 25) , and one pair of isolates (dog-human) has been shown to exhibit nearly indistinguishable genomic macrorestriction profiles by PFGE (21) . Commonality among clinical isolates from diseased farm animals (including poultry) and humans also has been documented, specifically for E. coli O2:K1 and O78 (1, 6) . Of note, O78 was the single most commonly encountered O antigen in the present study, accounting for 19% of the isolates that underwent O typing. Thus, poultry and poultry products may represent a reservoir and vehicle for dissemination of diverse drug-resistant ExPEC clonal groups. We are currently analyzing additional retail poultry products to further evaluate this hypothesis (Johnson et al., Abstr. 100th Gen. Meet. Am. Soc. Microbiol. 2000).
The observation that the Nal-resistant and -susceptible poultry isolates were essentially indistinguishable with respect to all parameters analyzed strongly suggests that these two groups derive from the same source population, with the resistant isolates presumably having arisen from susceptible ancestors by random point mutations in gyrA and/or parC without regard for other bacterial characteristics. This supports a model whereby FQ use in poultry production provides generalized selection pressure within the avian fecal flora for spontaneous resistant mutants (11) . It refutes the counter-hypotheses that the resistant population either is derived from an alternative source, including possibly (antibiotic-consuming) humans, or represents a distinctive subset of the avian fecal E. coli population with an enhanced propensity for mutation to resistance. It also suggests that the extent of exposure of poultry flocks to FQs can be expected to determine the prevalence of quinolone and FQ resistance within, but not the phylogenetic or pathotypic composition of, the birds' fecal flora. Thus, although FQ use in poultry production does not specifically select for ExPEC, it presumably tends to render any preexisting ExPEC strains more highly antibiotic resistant.
We documented a low frequency of presumed spontaneous mutation to Nal resistance in vitro during specimen processing. Thus, a substantial fraction (conceivably, 32%) of the resistant population studied may have arisen artifactually within the laboratory rather than deriving from the primary samples per se, as assumed. This phenomenon would tend to obscure any preexisting differences between the resistant and susceptible populations, thereby biasing the study toward the observed "no difference" result. However, the magnitude of this effect would not be expected to completely obliterate biologically significant between-population differences, whereas we found no suggestion of such a difference. Thus, it seems unlikely that important differences between the Nal-resistant and Nalsusceptible populations were missed because of in vitro mutation to resistance.
Another potential limitation of the study is the use of multiple comparisons, which increases the likelihood of a type I error, i.e., of falsely identifying a chance difference as significant. However, most of the differences identified yielded P values of Յ0.01, reducing the chances of a type I error, and were consistent with previous findings from other populations. Conversely, the study's power for correctly detecting betweengroup differences is statistically limited by the sample size, with the attendant possibility of type II errors, i.e., of falsely concluding against a difference when one actually exists. However, for the key comparisons between the Nal-resistant and Nalsusceptible isolates, not even suggestive trends toward differences were evident, whereas numerous significant differences were detected between ExPEC and non-ExPEC and among the four phylogenetic groups. Finally, sampling was limited to one geographical area, albeit with a diversity of stores and of brand names, many of which are nationally distributed.
In summary, we found that nearly 40% of retail chicken products contained Nal-resistant E. coli, that approximately 20% of Nal-resistant and Nal-susceptible isolates alike represented ExPEC, and that except for the Nal phenotype these two populations were indistinguishable according to all of the molecular and phenotypic methods used. This suggests that retail chicken products are a potential source of antibiotic-resistant pathogenic E. coli for acquisition by 2166 JOHNSON ET AL. ANTIMICROB. AGENTS CHEMOTHER.
humans and that the resistant and susceptible strains derive from the same source population, presumably the avian fecal flora.
